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PROCESS FOR THE PRODUCTION OF 
ANTIBIOTIC l-OXADETHIACEPHALOSPORINS, 

AND INTERMEDIATE 

This is a division of application Ser. No. 446,534, ?led 
Dec. 3, 1982, now US. Pat. No. 4,472,576. 

DETAILED DESCRIPTION OF THE 
INVENTION 

This invention relates to a process for preparing l 
oxadethiacephalosporins (I) and their pharmaceutically 
acceptable salts and esters which are useful as antibiot 
ics via ring-closure of 4-(3'-carboxy-3’-diazo-2’-oxa 
propyloxy)-3-acrylaminoazetidin-2-ones II: 

I 
R 0 

“NW 
0’ N / R3 

wherein: R1 is H or OCH3; A is H or acyl; and R3 is an 
organic functional group known in the relevant art as 
(in this connection see U.S. Pat. Nos. 4,226,866, issued 
Oct. 7, 1980, and 4,138,486 issued Feb. 6, 1979, respec 
tively. which are incorporated herein by reference to 
the extent that they de?ne I and its utility); 

I o 0 

R G M AHN H 0Rz 

& N 
0 

wherein A and Rl are as de?ned above; and R2 is a 

removable protecting group. 
Compounds containing the oxacephalosporin nucleus 

of the formula 

COOH 

are known as antibiotics having a broad range of anti 
bacterial activity, and there have been reported various 
methods of synthetizing the oxacephalosporin nucleus. 
However, all of these prior schemes are multi-step and 
inefficient. 
We, the present inventors, have made extensive re 

searches in an attempt to provide a process of forming 
the oxacephalosporin nucleus which is free from the 
drawbacks of the prior art methods. As a result, we 
have succeeded to synthetize a new compound, carbox 
yl-protected 4-(3’-carboxy-3’-diazo-2’~oxapropyloxy)-3 
acylamino-azetidine-2-one represented by the formula 
(11) 
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wherein A is an acyl group such as alkanoyl group or 
aroyl group and R2 is a carboxyl-protecting group, and 
we have discovered that when the compound of the 
formula (II) is reacted with such a substance (hereinaf 
ter referred to as a carbene-producing catalyst) which is 
capable of converting into carbene the 3’-carbon atom 
present in the side-chain attaching to the 4-position of 
the compound (II), this compound undergoes the ring 
closure in such a way that the diazo group (=N2) exist 
ing in the compound (II) is liberated, the 3'-carbon 
atoms is converted into the carbene and then bonded to 
the nitrogen atom at the l-position of the azetidinone 
nucleus of the compound (II). On the basis of these 
?ndings, this invention is achieved. As previously men 
tioned the de?nition of the acyl group A is incorporated 
by reference from the above-cited US. patents. Addi 
tionally, A is de?ned to be all acyl functional groups 
known to be effective in the related B-lactam antibiotic 
art which are characterized by an N-acyl moiety. 
Also incorporated by reference is US. Pat. No. 

4,174,316, issued Nov. 13, 1979, which describes the 
synthesis of “homothienamycin” (I') from the carbon 
analogue (II') of the above-described diazo intermediate 
(II): 

0R1 
II 

N NZ 

while homothienamycin may be considered a l-car 
badethiacephalosporin, the cited patent makes no dis 
closure relative to the instant 7-amido-l-oxadethiacep 
thalosporins, or their synthesis. The de?nition of R2 in 
the cited patent is speci?cally incorporated herein. 

In accordance with the process of this invention, the 
ring-closing reaction of the azetidinone derivative of 
the formula (II) is effected by treating with the carbene 
producing catalyst, and hence the new process of this 
invention is to form the oxacephalosporin nucleus by 
conducting the ring-enlargement of the azetidinone 
compound in such a way that the ring-closure takes 
place at the 4-5 bond of the oxacephalosporin nucleus. 
The process of this invention is unique in that the forma 
tion of the oxacephalosporin nucleus is performed by 
utilizing only the carbon atoms of the B-lactam ring of 
the penicillin molecule which are essentially required to 
impart the necessary sterochemistry and the necessary 
antibacterial activity to the cephem ring, but without 
utilizing the other carbon atoms of the penicillin mole 
cule than those of the lactam ring; and by utilizing an 
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additional compound to introduce externally the further 
carbon atoms which are required additionally to form 
the cephem ring, and also in that the ring-closure is 
effected with involving the carbene-producing reaction. 5 
There has never been any precedent where the carbene 
producing reaction is involved in the synthetic forma 
tion of the oxacephalosporin nucleus. 
According to the ?rst aspect of this invention, there is 

provided a process for the production of a l-oxa-l 

dethia-3-hydroxycephalosporin derivative of the for 
mula 

15 

20 

wherein A denotes an acyl group, R1 denotes a hydro 
gen or a methoxy group and R2 denotes a carboxyl 
protecting group, characterized in that a diazo com 

pound represented by the general formula 
25 

0 

wherein A, R1 and R2 are as de?ned above is ring-closed 
by reacting it with a carbene-producing catalyst. Ac 
cording to the second aspect of this invention, there is 
provided a process for the production of a l-oxa-l 
dethia-3-alkoxycephem compound of the general for 
mula 

40 

l 
R o 

AHNartf 45 
/ N on3 0/ / 

coon2 

50 
wherein A denotes an acyl group, R1 denotes a hydro 
gen or a methoxy group, R2 denotes a carboxyl-protect 
ing group and R3 denotes a lower alkyl group, charac= 
terized in that a diazo compound represented by the 
general formula 55 

60 

wherein A, R1 and R2 are as de?ned about is ring-closed 
by reacting it with a carbene-producing catalyst to 
produce the l-oxa-l-dethia-3-hydroxycephalosporin 
derivative of the formula 

0 

Coca2 

wherein A, R1 and R2 ae as de?ned above, and the 
o 3-hydroxyl group of said derivative of the formula (III) 

is reacted with an alkylation reagent 
According to the third aspect of this invention, there 

is provided the compound of the general formula (II) 
shown hereinbefore, as the compound of the formula 
(II) is used as the starting compound in the processes of 
this invention and is a useful, new substance. 

Procedures for carrying out the processes of this 
invention are now described. 

In the diazo compound of the formula (II) which is 
employed as the starting compound in the processes of 
this invention, the acyl group (A) may be an alkanoyl 
group of the formula R4CO— where R4 is an alkyl 
group, particularly an alkyl group of 1 to 4 carbon 
atoms; or an aroyl group of the formula R5CO— where 
R5 is an aryl group, particularly phenyl group, option 
ally bearing an inert substituent such as nitro group 
which does not participate in the reaction; or an aralkyl 
carbonyl group of the formula R6CO— where R6 is an 
aralkyl group such as a phenyl-lower-alkyl group, espe 
cially benzyl group or a phenoxy-lower-alkyl group, 
especially phenoxymethyl group. Preferred examples of 
the acyl group (A) include benzoyl group, phenylacetyl 
group and phenoxyacetyl group. 
The group R1 may be a hydrogen atom or a methoxy 

group. This methoxy group may preferably be in a 
position. 
The carboxy group which is attaching to the 3’-car 

bon atom of the diazo compound of the formula (11) 
needs to have been protected. For this protection, there 
may be selected a suitable one from any known carbox 
yl-protecting group. Examples of the carboxyl-protect 
ing group (R2) suitable for that purpose include an alkyl 
group such as t-butyl, dichloroethyl and the like; as well 
as an aralkyl group such as benzyl, p-nitrobenzyl, p 
methoxybenzyl, phenacyl, diphenylmethyl and the like. 
It is preferable to select a carboxyl-protecting group 
which can readily be removed either under weakly 
acidic conditions or under reduction conditions. For 
instance, it is convenient to select a substituted or un 
substituted aralkyl group such as diphenylmethyl or 
p-nitrophenylmethyl. 

In the processes according to the ?rst and second 
aspects of this invention, the ring-closing reaction of the 
diazo compound of the formula (II) is performed using 
a carbene-producing catalyst. This catalyst must be, for 
example, rhodium acetate, rhodium oxide or silver 
oxide etc. Rhodium acetate is most preferred. This ring 
closure reaction may be conducted in such a manner 
that the starting compound (II) is dissolved in an or 
ganic solvent such as ethyl acetate, THF, dioxane and 
the like and the carbene-producing catalyst is reacted 
with the compound (II) in the solution obtained. The 
reaction may be conducted preferably at a temperature 

5 of 0° C. to 100° C. and more especially at a temperature 
of 30° C. to 70° C. for a period of 30 minutes to 1 hour. 
By the ring-closure reaction stated above, there is 

produced the l-oxa-l-dethia-3-hydroxycephalosporin 
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derivative of the general formula (III). This derivative 
is somewhat unstable and is hard to be isolated as such. 
The compound of the general formula (III) thus ob 

tained is, without isolation thereof, alkylated in the 
process of the second aspect of this invention, whereby 
the 3-hydroxyl group of the compound (III) is con 
verted into the alkoxyl group. To this end, a diazolkane 
may usually be used as the alkylation reagent. The 
methylation reagent may be diazomethane and the eth 
ylation reagent may be diazoethane, for example. This 
alkylation reagent may be reached with the compound 
(III) in an organic solvent as mentioned above in a 
known manner. The reaction temperature may be in a 
range of 0° C. to 50° C. ' 

In this way, the compound of the formula (I) is pro 
duced. If desired, the protected 4-carboxyl group 
(——-COOR2) of the compound of the formula (I) may be 
subjected to a conventional deprotection method, for 
example, by weak acid hydrolysis, so that the protecting 
group (R2) is removed therefrom. 
The compound of the general formula (I) thus ob 

tained may be puri?ed according to a conventional 
method for purifying the B-lactam compounds. 
When the compound of the general formula (I) ob 

tained by the second aspect of this invention contains 
a-methoxy group as the group R1, the acylamino group 
(AHN—) is then existing in the a-position. 
On the other hand, when the compound (I) contains 

hydrogen atom as R1, the aminoacyl group (AHN——) 
may be existing either in the a-position or in the B-posi 
tion. The compound (I) containing a B-acylamino 
group as the group AHN- may be subjected to an 
acyl-exchange reaction in a known manner, so that 
there is derived a useful substance having antibacterial 
activity, for example, such antibacterial substances as 
disclosed in Japanese patent application pre'p'i'iblication 
“Kakai” No. 112895/78. The compound (I) containing 
an a-acrylamino group as the group AHN- may be 
modi?ed into antibacterial substances by transferring 
the a-acylamino group into the B-position in a known 
manner with concurrent a-methoxylation at the 7-posi 
tion of the compound (I), followed by exchanging the 
resultant B-acrylamino group by another appropriate 
acylamino group. 
A method for preparing the diazo compound of the 

general formula (II) which is employed as the starting 
compound in the processes of this invention is now 
described. 
As demonstrated in Example 2 given later, the com 

pound of the formula (II) can be prepared via a few 
stages with starting from the compound of the general 
formula 

i? 1 

IR o\ / \ 

mount-f CH2 0M 
/ NH 
0/ . 

wherein R is phenyl group, phenylmethyl group or 
phenoxymethyl group, R1 is hydrogen or methoxy 
group and M is an alkali metal, which is, in turn, synthe 
tized by several stages using an oxazoline derivative and 
glycerine or hydroxyacetic acid alkylester as the initial 
materials. If the nature of the 3-acylamino group 
(RCONH—) present in the compound (IV) is not con 
sistent with the nature of the corresponding acylamino 
group (AHN——) present in the starting diazo compound 
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6 
(II) to be employed in the processes of this invention, 
the compound (IV) may be subjected to an acyl 
exchange reaction in a known manner so as to introduce 
an appropriate acylamino group AHN- thereinto and 
to give the compoundeof the formula 

1 

NH / 0/ 

0 
ll 

0 
CH1 OM 

Subsequently, the compound of the formula (IV') is 
converted into a corresponding free acid form by neu 
tralization, followed by activation of the terminal car 
boxyl group of the side-chain which is attaching to the 
4-position of the compound (IV'). The activated car-' 
boxylic acid derivative so obtained of the compound 
(IV') is then reacted with two carbon atoms unit in such 
a manner that it is reacted with an alkali metal or alka 
line earth metal salt of malonic acid mono-ester or ace 
tate anion and the like, for example, whereby there is 
produced a compound represented by the general for 
mula 

I O O 

O \/"\/"\ 2 AHN OR 

/ NH 
0/ 

wherein A and R1 are as de?ned above and R2 is a 
carboxyl-protecting group. Further, the compound (V) 
is reacted with an azide compound to give a diazo com 
pound represented by the general formula 

0 

wherein A, R1 and R2 are as de?ned above. 
In the above-mentioned stages for the preparation of 

the starting compound, the reaction stages of preparing 
the compound (V) from the compound (IV) may be 
conducted by so-called “one-pot” system, in such a way 
that the compound (IV') in solution in an organic sol 
ven‘t such as acetonitrile, THF and the like is firstly 
converted into the free acid form by neutralization with 
a mineral acid such as hydrochloric acid and sulfuric 
acid etc. and the terminal carboxyl group of the side 
chain at the 4-position of the compound (IV') but in the 
free acid form is then converted into the activated car 
boxylic acid derivative. For the activation of the termi 
nal carboxyl group, there may be applied any known ‘ 
procedure such as the mixed acid anhydride method, 
the acid halide method, the active imidazolide method 
and the like. When the activation of the terminal car 
boxyl group is conducted using carbonyl diimidazole, 
for example, the free acid form of the compound (IV') 
may be reacted with carbonyl diimidazole at a tempera 
ture of 0° C. to 5° C. for a period of l to 2 hours. The 
carboxyl-activated form of the compound (IV') so ob 
tained is then subjected to the two-carbon-atoms-exten 
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sion reaction in solution in the organic solvent men 
tioned above to produce the compound of the formula 
(V). For the two-carbon-atoms-extension reaction to 
produce the compound (V), there is used a two-carbon 
atoms-extension reagent such as the anion of malonic 
acid mono-ester, acetate anion, Meldrum’s acid deriva 
tive anion and the like. This reaction may preferably be 
carried out at a temperature of 5 to 20° C. for a period 
of 3 to 4 hours. 

In the subsequent stage where the compound of the 
general formula (V) is converted into the diazo com 
pound of the general formula (VI), this dizaotization 
reaction may be conducted using an azide compound. 
To this end, the azide compound may suitably be an 
aromatic sulfonic acid azide of the formula 

wherein R7 is a hydrogen, carboxyl group or an alkyl 
group of l to 9 carbon atoms. A most preferred one is 
the azide of the formula (VII) where R7 is carboxyl 
group. This diazotization is carried out in such a manner 
that the compound of the general formula_(V) is dis 

. solved in an organic solvent such as acetonitrile, diox 
ane, THF and the like, the resultant solution is admixed 
with the diazotization reagent of the formula (VII) and 
the reaction is effected at a temperature of 0° C. to 30‘ 
C. under stirring, followed by dropwise addition of an 
organic base such as triethylamine, dimethylaniline and 
the like to complete the reaction. 
The process of this invention are now illustrated with 

reference to the following Examples, to which this 
invention is not limited. Procedures for preparation of 
the starting diazo compound (II) employed in the pres 
ent processes are illustrated by Example 2. 

EXAMPLE 1 

Synthesis of 
(6R,7R)-7-benzoylamino-3-methoxy- l -oxa- l-dethia-4 

p-nitrophenylmethoxycarbonyl-3-cephem 
(a) The diazo compound of the formula 

0 0 
II 

that is, (3R,4R)-4-(3'-p-nitrophenylmethoxycarbonyl-3’= 
diam-2’-oxapropyloxy-3-benzoylamino-azetidin-2-on 
(30 mg; 0.064 m mol) (see Example 2 given later) and 
rhodium acetate (Rh(OAc)2(0.4 mg) were suspended in 
6 ml of ethyl acetate, and through the resulting suspen~ 
sion was passed gaseous nitrogen for 20 minutes, fol 
lowed by heating at 45°—48° C. During this heating, the 
starting compound employed was slowly dissolved in 
the ethyl acetate to give a solution. The resultant solu 
tion was allowed to stand at 45°—48° for 30 minutes to 
effect the reaction, affording the reaction solution con 
taining therein the compound of the formula 
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H 
C-N O 

" T" O . 

04 N / OH 

?OCHZ N02 
0 

which was formed by the ring-closure reaction in 
volved. 

(b) The reaction solution was obtained as above was 

ice-cooled and then admixed with 6 ml of a solution 
containing 0.1 m mol/ ml of diazomethane in ethylether. 
The admixture was subjected to the reaction for 5 min 
utes under ice-cooling and then at ambient temperature 
for 15 minutes to effect the methylation of the 3 
hydroxyl group. 
The resultant reaction solution was filtered to remove 

the solid matter, and the ?ltrate was distilled to remove 
the organic solvent therefrom. The yellow colored solid 
(33 mg) obtained was taken up into chloroform and 
chromatographed on 660 mg of silica gel (Wako Gel) 
by developing with 10 ml of chloroform. The silica gel 
column was then eluted with chloroform-ethyl acetate 

(10:1 by volume) and the eluate was distilled to remove 
the solvent therefrom. A crystalline product (17 mg) 
was afforded. Yield 58%, mp. l92°~l93° C. This crys 
talline product gave an Rf 0.33 when it was subjected to 
a thin layer chromatography on silica gel developed 
with benzene-ethyl acetate (1:1 by volume). 
NMR (CDCl3): 3.8 (s. 3H); 4.5 (ABq.2H); 4.9 (dd 

J=8.l 1H); 5.05 (d. J=l 1H); 5.35 (ABq 2H); 6.85 (d 
J=8 1H); 7.3-8.2 (9H). 
Mass spectrometry: 439 (M+) 
IR. spectrum (Nujol): 1790, 1705, 1640 cm-1. 

this product was identi?ed to be the titled compound of 
the formula ‘ 

5% 
O 

/ N / OCH; 

EXAMPLE 2 

Synthesis of (SR, 
4R).4-(3'-p-nitrophenylmethoxy-carbonyl-3’-diazo-2’ 

oxapropyloxy-3-benzoylamino-azetidin-2-on 

(a) Production of 
(3R,4R)-4-(sodiocarboxymethoxy)-3-benzoylamino 

azetidin-2-on 

(i) The oxazoline derivative of the formula 
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wherein 0 denotes phenyl group, that is, 3-benzhydryl 
methyl-2[lR,5S)-3-phenyl-7-oxo-4-oxa-2,6-diazabicy 
clo[3,2,0]hept-2-en-6-yl] but-Z-enoate (4.52 g; 10 m mol) 
(disclosed in a chemical literature “J. Chem. Soc. Per 
kin I” 1975, p. 1932) was dissolved in 500 ml of ethyl 
acetate, and the resulting solution was admixed with 8.3 
g (90 m mol) of glycerine of the formula 

OH 

HO CH OH 
\CH2/ \cH2/ 

followed by agitation under ice-cooling. To the admix 
ture was further added 0.4 ml of boron trifluoride 
ethylether complex (BF3.Et2O), 0°—5° C. for 30 min 
utes. After admixture was subjected to the reaction at 
26-2 for 2.5 hours and then admixed with 25 ml of an 
aqueous sodium hydrogen carbonate under ice-cooling. 
The reaction solution obtained was allowed to stand so 
that the organic phase was separated from the aqueous 
phase. The organic phase was removed, washed with 
two 50 ml-portions of 50% aqueous sodium chloride 
and then with one 50 ml-portion of water and dried, 
followed by removal of the organic solvent by distilla 
tion to yield 5.26 g of a foamed solid. 

This solid comprises the compound represented by 
the formula 

(ii) The foamed solid (5.26 g) obtained as above was 
dissolved in 200 ml of tetrahydrofuran (TI-IF), and to 
the resultant solution was added dropwise under ice 
cooling a solution which was prepared by dissolving 
2.44 g (11.5 m mol) of sodium periodate (NaIO4) in 114 
ml of 1N sulfuric acid. The admixture obtained was 
stirred at 0°—5° C. for 20 minutes for the reaction, fol 
lowed by further reaction at ambient temperature for 3 
hours. The reaction solution was ice-cooled and then 
poured into a mixture of l l of ethyl acetate and 600 ml 
of water, and the whole mixture was allowed to stand so 
as to separate the organic phase from the aqueous phase. 
The aqueous phase was re-extracted with 100 ml of 
ethyl acetate, and the ethyl acetate extracts were com 
bined with the aforesaid organic phase. The combined 
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organic phase was washed with 100 ml of a saturated 
solution of sodium hydrogen carbonate in water and 
then with three 200 ml-portions of water, followed by 
drying and distillation to remove the organic solvent 
therefrom. A solid was afforded. Yield 4.92 g. 

This solid was taken up in a volume of benzene and 
passed through a column of 98 g of silica gel (Wako 
Gel). The silica gel column was eluted with benzene 
ethyl acetate (3:1) and the eluate was distilled to remove 
the organic solvent, affording 2.2 g of an aldehyde com 
pound of the formula 

Yield 40.4%. This aldehyde compound gave an Rf 
0.33 when it was subjected to a thin layer chromatogra— 
phy on silica gel developed with benzene-ethyl acetate 
(1:1). 
NMR (CDC13): 2.0 (s.3H); 2.25 (s.3H); 4.25 (s.2H); 4.8 

(d.J=8.1H); 5.1 (s.lH); 6.85 (s.lH); 7.0-7.7 (15H); 9.5 
(s.lH). 
Mass spectrometry (m/e): 512 (M+) 
Further, the above-mentioned silica gel column was 

eluted with benzene-ethyl acetate (1:1) and the eluate 
was distilled to remove the organic solvent, when there 
was recovered 360 mg (Yield 6.5%) of the compound of 
the formula 

which was by-produced through the reaction of the 
compound (b) with the glycerine as a secondary alco 
hol. 

(iii) The aldehyde compound (3.74 g; 7.23 m mol) of 
the formula (c) obtained in the above stage (ii) was 
dissolved in 37 ml of acetone, and to the resultant solu 
tion was dropwise added slowly (over about 10 min 
utes) 2.4 ml of solution of 0.7 m mol/ml of chromium 
trioxide (CrO3) in sulfuric acid (H2SO4) at 0° C. to 5° C. 
under ic-cooling. After reaction for 15 minutes, the 
reaction solution was subjected to further reaction at 
ambient temperature for 15 minutes. The reaction solu 
tion was then admixed with 0.96 ml of methanol, agi 
tated for 10 minutes and then admixed with 280 ml of 
ethyl acetate and 140 ml of a saturated aqueous solution 
of sodium chloride. The admixture obtained was al 
lowed to stand so as to separate the organic phase from 
the aqueous phase. The organic phase was removed, 
washed with two 70 ml-portions of an aqueous solution 
of 50% saturation of sodium chloride and then with two 
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70 ml-portions of water, followed by drying over anhy 
drous magnesium sulfate and distillation to remove the 
organic phase therefrom. A crystalline product was 
afforded in a yield of 3.44 g. This product was slurried 
with addition of about 50 ml of ethylether for the wash 
ing purpose, followed by evaporation of the ethylether 
to yield 3.0 g of crystals. m.p. l67°-l67 5° C. Yield 79%. 
This product gave an Rf 0.33 when it was subjected to 
a thin layer chromatography on silica gel developed 
with water-saturated ethyl acetate-methanol (3:1). The 
product was the hydroxyacetic acid derivative repre 
sented by the formula 

NMR (CDC13): 82.0 (s.2H); 2.2 (s.2H); 4.1 (ABq.2H); 
4.75 (d.J=8.lH); 5.1 (s.11-I); 6.8 (s.1H); 7.0-7.7 (15H). 
Mass spectrometry (m/e): 528 (M +) 
IR. spectrum (Nujol): 1765, 1720, 1635 cm—1. 
(iv) The hydroxyacetic acid derivative (1.7 g) of the 

formula (e) obtained in the above stage (iii) was dis 
solved in 55 ml of methanol, and into the resultant solu 
tion was passed gaseous ozone (03) with cooling to a 
temperature of —55° C. to 50° C. The reaction was 
completed in 45 minutes. Thereafter, a stream of air was 
passed through the reaction solution to remove the 
ozone therefrom, and to the reaction solution was 
added slowly 160 ml of ethyl acetate. The admixture 
obtained was poured into 320 ml of a solution of 17 g of 
sodium hydrogen sul?te (NaHSO3) in water, and the 
whole mixture was allowed to stand so as to separate 
the organic phase from the aqeous phase. The organic 
phase was removed, washed with three 30 ml-portions 
of water and dried over anhydrous magnesium sulfate, 
followed by distillation of the organic solvent to afford 
1.7 g of an oily product. This product was the com 
pound of the formula 

(v) The oily product (1.7 g) of the formula (0 ob 
tained in the above stage (iv) was dissolved in 17 ml of 
acetone, and the solution in acetone was added drop 
wise to a mixture (at pH 10) of 290 ml of methanol and 
5.8 ml of water containing 270 mg (3.22 m mol) of so 
dium hydrogen carbonate dissolved therein. After this, 
the admixture obained was raised to ambient tempera 
ture, followed by reaction for 30 minutes, when the 
reaction solution was discolored'into pale yellow color 
from the yellow color of the solution which was ob 
served just after the dropwise addition of the compound 
of the formula (f). The reaction solution was distilled to 
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remove the organic solvent, and the residue was dried 
in vacuo for 2 hours and then solidi?ed by addition of 
50 ml of ethylether. The material so solidi?ed was ?l 
tered and dried over phosphorus penta-oxide to give 
880 mg of a solid mp. 155° C. (dec.). Yield 95%. This 
product gave and Rf 0.2 when it was subjected to a thin 
layer chromatography on silica gel developed with 
water-saturated ethyl acetate-methanol (3:1). This prod 
uct was in the form of the sodium salt of the compound 
represented by the formula 

which was the titled compound, (3R,4R)-4-(sodiocar 
boxymethoxy)-3-benzoylamino-azeridin-2-on. 
NMR (DMSO-d6): 4.15 (s.2H); 4.65 (d J =8.1H); 5.2 

(d J=l 1H); 7.3-7.9 (5H); 8.95 (bs 1H); 9.1 (d J=8 1H). 
Mass spectrometry: 3300, 1755, 1740, 1645 cm-1. 

(b) Production of 
(3R,4R)-4-(3’-trophenylmethoxycarbonyl-2’-oxa 

propyloxy)-3-benzoylarnino-azetidin-2-on 
The sodium salt compound (57 mg; 0.2 m mol) of the 

formula (g) obtained in the above state (a) (v) was sus 
pended in THF, and to the resulting suspension was 
added dropwise 63 l of an anhydrous solution of 3N 
hydrogen chloride in dioxane (equivalent to 0.19 m mol 
of HCl) under ice-cooling. After the reaction was ef 
fected for 15 minutes under ice-cooling, the reaction 
solution was distilled to remove the solvents. The resid 
eue was dried well under reduced pressure to give 66 
mg of a solid. This solid was dissolved in 3 ml of aceto 
nitrile and the resulting solution was admixed with 36 
mg (0.22 m mol) of carbonyldiimidazole 

and the reaction was conducted for 4 hours under stir 
ring and ice-cooling. The reaction solution obtained 
contained the active amide (imidazolide of the formula 

produced. 
To the above-mentioned reaction solution was added 

120 mg (0.24 m mol) of the magnesium salt of malonic 
acid mono-(p-nitrophenylmethyl)ester represented by 
the formula 
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and the resultant mixture was agitated for 30 minutes 
under ice-cooling and then for 2.5 hours at ambient 
temperature to effect the reaction. By the two-carbon 
atoms-extension reaction involved, there was produced 
in the reaction solution the titled compound of the for 
mula 

O 

This reaction solution containing the titled com 
pound as above was again ice-cooled and admixed with 
5 ml of ethyl acetate, followed by dropwise addition of 
4 ml of an aqueous solution of 0.5N HCl thereto (pH ca. 
2). The resultant admixture was allowed to stand so as 
to separate the organic phase from the aqueous phase. 
The organic phase was removed, washed with 5 ml of 
water and then with 10 ml of an aqueous solution of 
50% saturation of sodium hydrogen carbonate and sub 
sequently dried over anhydrous magnesium sulfate. 
Concentration of the dired organic phase gave 80 mg of 

, a yellow-colored oily product. 
This yellow-colored oily product was taken up into 

ethyl acetate and the resulting solution was passed 
through a column of 1.4 g of silica gel (Wako Gel), 
followed by development of the silica gel column with 

‘ 20 ml of chloroform. This column was then eluted with 
chloroform-ethyl acetate (1:1), and from the eluate was 
isolated 42 mg of the titled compound of the formula (i) 
in the form of the ,B-keto-ester. m.p. l5l°—l53° C. Yield 

NMR (CD3COCD3): 83.8 (s.2H); 4.55 (s.2H); 4.85 
(dd 1:8 1:1 1H); 5.35 (3H); 7.4-s.s (10H). 
Mass spectrometry (m/c): 441 (M +) 
IRi spectrum (Nujol): 3350, 1775, 1740, 1720, 1640 

cm‘- . 

(c) Production of 
(3R,4R)-4-(3'-p-nitrophenylmethoxycarbonyl-3'-diazo 

2'-oxapropyloxy)-3-benzoylaminoazetidin-2-on 
The B-keto~ester compound (67 mg; 0.15 m mol) of 

the formula 6) obtained in the above stage (b) was dis 
solved in acetonitrile (6 ml), and the resultant solution 
was ice-cooled and then admixed with 42 mg (0 18 m 
mol) of p-carboxybenzene-sulfonic azide under stirring. 
Ten minutes later, to the reaction solution was added 
dropwise 77 pl (0.52 m mol) of triethylamine, followed 
by effecting the reaction for l0 minutes under ice-cool 
ing and then at ambient temperature. After the reaction 
continued for 50 minutes, the precipitated deposited 
was removed from the reaction solution by ?ltration 
and the ?ltrate was concentrated. The solid residue 
obtained was taken up into a mixture of benzene-ethyl 
acetate (1:1) and the resultant solution was passed 
through a column of 1.6 g of silica gel (Wako Gel), 
followed by development of the column with 20 ml of 
benzene-ethyl acetate (1:1). The silica gel column was 
then eluted with ethyl acetate and the eluate was dis 
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14 
tilled to remove the solvent. The titled diazo compound 

of the formula 

H 

was afforded in a yield of 61 mg mp. 167° C. (dec.). 
Yield 87%. This compound gave an Rf0.22 when it was 
subjected to a thin layer chromatography on silica gel 
developed with benzene-ethyl acetate (1:1). 
NMR (CD3COCD3): 84.75 (dd J =8 J =1 1H); 4.8 

(s.2H); 5.25 (dJ =1 1H); 5.4 (s.2H); 7.4-8.5 (10H). 
IR spectrum (Nujol): 3300, 2170, 1780, 1773, 1720 

cm-1. 

EXAMPLE 3 

This example illustrates another route for the prepara 
tion of the hydroxyacetic acid derivative of the formula 
(e) shown hereinbefore, with starting from the oxazoline 
dervative of the formula (a) employed in the state (a)(i) of 
the preceding Example 2 by reacting said oxazoline 
derivative with hydroxyacetic acid methylester. 

i 
N. 9 

I I + HO.CH2CO1CH3 
N 0% / 

COzCI-ld); 

(a) 

¢CONH/,/// 'OCH2CO1CH3 

N o’ / 
COZCHdJZ 

(1) 

¢CONH///// 'OCHZCOZH 

04 N / 

CO2CH¢2 

(e) 

where 0 denotes phenyl group. 
The oxazoline derivative of the above formula (a) (5 

g; 1.1 m mol) was dissolved in 500 ml of ethyl acetate 
and the solution obtained was admixed with 40 ml of 
hydroxyacetic acid methylester, followed by ice-cool 
ing and stirring. To the cold solution obtained was 
added 0.4 ml of boron tri?uoride-ethylether complex 
(BF3.Et2O) at 0° C. to 5° C. The reaction was effected 
at 0°-5° C. for 30 minutes and then at ambient tempera 
ture for 2 hours. The resulting reaction solution was 
admixed with 2.5 ml of aqueous sodium hydrogen car 
bonate and 100 ml of aqueous 50% sodium chloride, and 
the admixture was agitated violently and then allowed 
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to stand so that the organic phase was separated from 
the aqeous phase. The organic phase was removed, 
washed with 100 ml of water and then dried over anhy 

drous sodium sulfate. The dried organic phase was con 
centrated to dryness to give 5.9 g of the intermediate 

product of the above formula (1). 
This crude, intermediate product was dissolved in 

200 ml of acetone and then the solution was admixed 

with 9.9 ml of an aqueous solution of 1N sodium car 

bonate. The reaction was effected for 1 hour and the 

reaction solution was admixed with 9.9 ml of an aque 

ous solution of 1N hydrogen chloride, followed by 
concentration to dryness to give 6.2 g of the solid resi 
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16 
due. This residue was washed with water and dried to 
yield 5.4 g of the compound of the formula (e). 
What is claimed is: 
1. A diazo compound represented by the formula 

wherein A denotes an acyl group, R1 denotes a hydro= 
gen atom or a methoxy group and R2 denotes a carboxy 
protecting group selected from the group consisting of 
alkyl or aralkyl substituents. 

* * * * 1* 


